University. She then worked on a Ph.D. with Philippe Sengel at Grenoble University. After that, she went to Canada and the USA to work with Drs. M. Hardy, R. Sawyer and H. Sun before going back to Grenoble and starting her own laboratory. In the 1970s, she began a series of creative epithelial-mesenchymal recombination experiments among chicken feathers, mouse hairs and lizard scales, and later between rabbit cornea / mouse hairs. Through these original experiments, she elegantly demonstrated that the dermis initiates the formation of cutaneous appendages, while their type is specified by the class and regional origin of the epidermis. Subsequently she showed that the induction of an ectodermal organ, even in an adult epithelium, provokes the appearance of the related tissue stem cells. These works pioneered the concepts which are used in stem cell biology today. Her laboratory now works on the molecular mechanisms underlying these processes. Her papers are typically characterized by an initial insightful observation, followed by rigorous experiments and thoughtful discussions. They are rich with different shades of perspectives, almost like a piece of impressionist art. She loves gardening and her pets. She considers herself a good observer and hard worker driven by curiosity. Her best moments occur when she suddenly becomes enlightened as to an explanation of a basic concept when looking at experimental results or discussing ideas with colleagues. She believes that good results last forever, although interpretations can change. Her advice to young scientists is to be rigorous at the bench, to think hard, and not to be shy to speak up. The following is the story of how this young, female naturalist grew into a well-respected developmental biologist.
Her papers typically start with an interesting biological phenomenon, followed by some elegant and rigorous experiments, and finish with thoughtful discussions. The discussion is usually rich with different shades of thinking, almost like a piece of impressionist art. She is a rare individual whose work bridges classical experimental embryology with modern molecular biology era. She contributed significant work to the book "Morphogenesis of Skin" (Sengel, 1976) and in 2004, she edited a Special Issue of The International Journal of Developmental Biology entitled Skin Development (see Dhouailly et al., 2004 and related papers) , which includes a review of classical phenomena and updates progress in molecular biology.
Professor Dhouailly considers herself a good observer and hard worker, driven by curiosity in nature. She believes that good results are facts that will last forever. The interpretations though, will change because they are based on the evolving scientific knowledge. When she was young, she struggled with the difficulty of being a female professor in a male-dominated profession. Later she had to battle against cancer. Despite these difficulties, she managed to get science done. She loves science, particularly at times when she had a sudden "enlightenment", meaning that an explanation for a fundamental problem suddenly appeared when she was examining experimental results or having a discussion with students or colleagues. This is what she calls the "honey" moment. Here is the story of how this young naturalist has grown into a respectable developmental biologist, and one of the few early female "Exceptional Professors" in France.
You started your research career with Philippe Sengel. Your work together culminated in the influential book "Morphogenesis of Skin" in 1976 which summarizes the classical experimental embryology works on skin morphogenesis up to that day. The book set the foundation for the field of skin pattern formation. Would you introduce some of the people of that day and the atmosphere of the laboratory? with original, new ideas about cell positions. Unfortunately he later left research for family reasons. The projects of other people include morphogenesis of trout, imaginal disks in Drosophila, formation of ovary in Ciona, teeth in amphibians, and cell cycle control in amphibians.
Dr. Sengel was excellent in foreign languages, and his laboratory was one of the first in France to publish papers in English. Another good thing in his laboratory was the organization of the technical staff. There was a technician for each of the following fields: histology, sterilization, photography, library and editing / publication, plus a washing woman and a handyman. For the book "Morphogenesis of Skin" (1976) , I myself and the librarian, Michelle Brugal, worked together an entire year to help finish it. So you can see there was a good mixture of interesting biological projects and people. However, later I was also the only one who continued to pursue the tradition of Developmental Biology. Professor Philippe Sengel had broad interests in developmental biology and carried out many projects in his laboratory which were very different. There were several persons within the research staff in his laboratory, but only three were working on skin directly: Annick Mauger (the formation of dermis), Annick Thevenet (wound healing) and myself (feather morphogenesis). Raymond Saxod was working on a related model (skin innervation). Madeleine Kieny and her student, Marie-Paule Pautou, did excellent work on the morphogenesis of the chicken limb bud and enjoyed international recognition. Désiré Bullière was working on cockroach regeneration. He was a very good scientist Since then, I became more independent in doing my research.
Early in your career
To understand what the dermis is doing during feather morphogenesis I thought I would have to increase the difference between the origins of the two skin components in epidermal / dermal recombinants. So I started to do recombination experiments with epidermis and dermis from different classes of embryos including mouse, lizard and chicken. One sunny summer day, I was examining the results of these recombinants. I got hair buds, scale buds, feather buds, according to the origin of the epidermis, whereas the control recombinants showed hair follicles, perfect scales and complete feathers. What a clear result! Suddenly I understood. There were at least two different steps in the formation of skin appendages: make an appendage first, and then construct the phenotype of this appendage (Dhouailly, 1975) . This day remains one of the best days in my life. I think it is this kind of thrill and understanding of nature that keeps me going as a scientist.
When I told Dr. Sengel about this work and its conclusion, he just whistled. Later he used this idea in the book "Morphogenesis of Skin" (Sengel, 1976) . Even today, in the introduction section of most papers on skin development, the idea that there is a continuous dialogue between the dermis and the epidermis is usually referred to by citing Sengel (1976) or Hardy (1992) . To my disappointment, my own review (Dhouailly, 1977) , where I moreover suggested an active role also for the epidermis, went unnoticed by the scientific community.
The wonderful implication of this work today was revealed by you Ming [Cheng Ming Chuong] , your work principally, and also that of others, like Bruce Morgan, Paul Goetinck, Irma Thesleff etc., who have found some of these molecular signals which are exchanged between epidermis and dermis. It is satisfying to see this progress even though the whole story is not completed yet (reviewed in Lin et al., 2006) . In the adult feather follicle, your laboratory even found how a rachis forms, with a balance between BMP4 and Noggin, and the slope of a Wnt 3a gradient (Yu et al., 2002; Yue et al., 2005) . Since the presence of a rachis is the main difference between the chick and duck embryonic feather, I bet you that there will be differential expression in the dermal condensation between these two species.
These days there are of course many laboratories that work on mouse hairs (reviewed in Millar, 2002; Schmidt-Ullrich and Paus, 2005) . As I predicted in the seventies, some signals are similar between birds and mammals during the process of primordia morphogenesis. However, some signals are different in the very early stage. I am working on this problem with Sebastien Cadau, one of my two latest PhD students.
Later you did the scale / feather transformation work and the cornea / hair trans-differentiation work. These studies actually pioneered the concept of stem cell biology in use today. Would you tell us more about these works and their significance today?
I will answer this in two steps, although both transformation events concern, you are right, the plasticity of epidermal fate.
In the late seventies, I was working with Margaret Hardy about the effect of retinoic acid on mouse skin. On the side, I was curious to know what could be the effect of retinoic acid on chicken skin. Thus I started to inject retinoic acid into chicken embryos at two embryonic stages, which correspond to the beginning of feather (embryonic day 7) and scale (embryonic day 10) morphogenesis. Upon cracking the eggs later, only some of the embryos with later injections survived. However, the three to four scales which started to form at embryonic day 10 now became feathery scales! Later I pursued this work further with my PhD student, Benoit Kanzler. It was found that several types of perturbation led to formation of feathers on chick foot scales (reviewed in Prin and Dhouailly, 2004) . How the signaling pathways are altered to form feathers or scales is still unclear, but it seems easier to form complex feathers than simple scales on an avian epidermis. These results helped shape my point of view: avian ectoderm is more programmed toward forming feathers, and mammalian ectoderm is programmed more toward forming hairs. The other ectodermal derivatives, like cornea, scales, glands, etc. appear to have an inhibitory mechanism of this basic program (Dhouailly, 2009) .
The implication of this work today is enriched by the Evo-Devo "determination" concept, I wondered when the corneal epithelium was determined to produce its specific keratins, K3 and K12. My PhD student, Corinne Ferraris, together with a previous PhD student, Catherine Chaloin, started to perform recombinants between mouse dorsal embryonic dermis (a hair-inducing dermis) and rabbit corneal epithelium at different stages. I chose these two species so we can be sure about the origin of the differentiated cells (the distributions of their chromatins in nuclei are different and can be recognized). Then one day, Corinne told me: "I am sorry, Danielle, embryonic rabbit cornea produces hairs (upon recombination), even the adult rabbit corneal epithelium produces hairs". This was unexpected. This is a wonderful result. Nature is trying to tell us something. The problem was to have this work published. The first time I submitted the manuscript was in 1994. The paper was not accepted and I had to try other journals in the following years. Each time we were rejected with the comment: the results are unbelievable. So, I needed to have somebody watching the work to avoid any mistake. Colin Jahoda was visiting my laboratory at the end of the nineties. I asked him to verify the results. Eventually, we published the work in Development (Ferraris et al., 2000) .
After that, I asked a new postdoctoral fellow, David Pearton, to work on the mechanism. At the beginning, he was reluctant and asked for other projects. However, after trying some recombinants and seeing the results for himself, he was enthusiastic about it. Subsequently, he showed (Pearton et al., 2005) that when cells from the base of the central corneal epithelium are in contact with dermal cells, they express β-catenin and stop synthesizing corneal keratins. These cells are now able to form placodes and attract more dermal fibroblasts to form a dermal condensation. These novel placode cells cease expressing Pax6 and proliferate to form hair pegs. Finally, the emergence of epidermal cells expressing K10 from the novel hair follicles demonstrates the formation of hair stem cells by the outer root sheath.
The implication is that, for the first time, it was demonstrated than in mammals, differentiating cells are able to go backward to a stem cell state, and that the formation of an "organ" like a hair follicle, involves the segregation of cells that take on and keep a stem cell status. This work also shows the possible switch between different types of stem cells, at least between cells originating from a same embryonic layer: in the present case, the ectoderm. I am persuaded that there are different levels of stem cell status in adult tissues: some constitute a reservoir and are triggered only in case of emergency, some are en route to differentiation, but are still endowed with proliferation potency and can be easily turned backward, as in the case of the basal cells of mammalian corneal epithelium. The latter, as recently demonstrated by Yann Barrandon's laboratory, are used for corneal epithelium homeostasis in normal conditions (Majo et al., 2008) . There are different other ramifications. Remember my idea about how the mammalian integument is more programmed toward forming hairs? In the case of cornea, a beautiful work by Mukhopadhyay et al. (2006) showed that this part of the integument is prevented to form hairs by the local expression of an inhibitor of Wnt signaling, Dkk2. Indeed, the null mutant for Dkk2 had no cornea. Instead, a true hairy skin formed in front of the lens.
One important issue is to show what the differences between corneal and epidermal stem cells are. This involves an understanding of how the ectoderm becomes a corneal epithelium during early embryonic development. This is the subject of one of my recent two PhD students, Elodie Collomb.
A more general ramification could be to work with other types of tissue stem cells. Why not try to induce a switch from intestinal stem cells to the formation of pancreatic islands? In the stem cell biology field, the emphasis has been on the potentialities of embryonic stem cells. They have been shown to be able to give rise to every type of cell, but currently who can obtain 100% differentiation to produce a given cell type? I think it should be perspective of feather origin which you have highlighted. Recently a new exciting fossil was found in China: a feathered dinosaur with flight feathers in both forelimb and hindlimb (Xu et al., 2003) ! I was delighted to hear that. In the last meeting of Vertebrate Morphology at Paris in July 07, I met Dr. Alibardi, who is an expert of skin evolution. I thought it would be a good opportunity to convince him that avian scales are not directly related to reptilian scales, but are a result of convergent evolution. No way! Although I presented all my arguments in my talk, especially the evidence I prefer the most: the formation of a feathered skin by amniotic membrane cells only, a data obtained in my laboratory by Ingrid Fliniaux and Jean Viallet . The graft of Noggin and Shh producing cells in the future amnion results in the inhibition of BMP4 expression in the ectoderm, and allows the proliferation of the mesoderm to continue until they form a dense dermis. Now let us talk about corneal epithelium. I was attracted by the cornea model when I worked with Henry T.T. Sun. At that time, Henry had just discovered that different pairs of keratins were preferentially expressed in different types of epithelia (Tseng et al., 1982) . As an embryologist who was taught about the easier to work with adult stem cells, even if their potentialities are more limited than embryonic stem cells. An important direction is to understand the eventual links between embryonic and adult stem cells. There exist several steps in the differentiation process, the first one being the formation of the embryonic layers. One could imagine that stem cells could be segregated at each step: either that the embryonic stem cell state remains in some groups of isolated cells, or better, that during embryogenesis some cells are segregated in the tissue. Even within a differentiating tissue, cells that have not yet become post-mitotic keep open the possibility of going backward.
In the case of corneal epithelium, we showed that signals from an embryonic environment are able to reprogram basal corneal cells to epidermal stem cells. Two groups report today that they have reprogrammed skin cells into ES cell-like stem cells, by inserting four genes (Yu et al, 2007; Takahashi et al., 2007) . It will be still more wonderful to find which signaling might activate those genes, thus to perform such a reprograming without genetic alterations.
Your work is usually creative and inspiring. Can you share with us your thinking process of formulating a project or a paper? How are they conceived? How do you ask questions?
Ming, I do not deserve such words. I am just curious and lucky, and was a very hard working girl. I always told my students: believe your results and ask questions. Do not be blind by what is taught in the developmental books or reviews. When experiments are done correctly, their results are there forever. In the future, they may be interpreted in another way, depending on the general level of knowledge which increases every year. For the young fellows who enter the field now, they now have new and wonderful tools, which should allow a better analysis of previous results.
During my research career, I approached science in the followed five different ways:
Take an old experiment, for example the formation of supernumerary feathers following the graft of neural tube in the chick midventral apterium (Sengel and Kieny, 1967) or in the amnion (Dhouailly, 1978) , and find what are the molecular signals .
Another example: we find that Wnt1 signaling from the dorsal neural tube was required for the determination of dermal cells from the somite dermomyotome (Olivera-Martinez et al., 2002) . This was the explanation for an old previous result, the formation of a large apterium, following the excision of the neural tube (Mauger, 1972) .
Take an old dogma or model which has been neglected for many years, and work on it with new tools. In the case of the induction of the cornea by the lens vesicle (review by Hay, 1980) , recently we found that the lens vesicle is not only the cornea inducer, but even delays stroma cell migration (Ying et al., in preparation) .
When you get an unexpected phenotype, try to understand what happens with a sequential study or by changing the experiment parameters (my early work, and more recently cornea experi-
Compare with what happens in a different model. One example, at the beginning of the nineties, I thought that FGF shown as an inducer of mesoderm in Xenopus, could also play a role in feather formation. Unfortunately the FGF2 protein was quite expensive and I asked my student to dilute it. I was wrong. We got no result at all. By that time, you have the same idea, and got the formation of supernumerary feathers in semi-apteria (Widelitz et al., 1996) . Using your concentration for FGF2 and scaleless embryos, we then showed that FGF2 is a permissive factor, allowing feather or scale morphogenesis depending on the skin region (Dhouailly et al., 1998.) Even when you are doing ordinary or routine experiments, still keep your eyes wide open. In case of some unexpected result, try to understand it (e.g, when we did our cornea work). This is the honey in research.
There is also another very important rule: listen to your PhD students. My youth had taught that to me. Young researchers can have a new perspective on old problems. Even if you are surprised and unsure, do not tell them that they are crazy. Just tell them that they have to test their idea, and that they are taking a difficult, dangerous, but exciting path. This recently happened in my laboratory. We showed that instead of acting as inhibitors, different BMPs play distinct crucial roles, ranging from the regulation of dermal condensation formation to the continuation of feather morphogenesis (Michon et al., 2008) . The idea of the special issue on Skin Development happened when I met Prof. Juan Arechaga in a congress. It was after the meeting about skin signaling that I organized in The French Alps in 2000. I thought it was time to bring together all the fantastic progress done in this area during the 1990s, especially by your laboratory. I was fighting cancer at the same time. Hence, I would like to thank Professor Arechaga, who had to push me at the time.
About the progress in the field, it happens every week. Developmental biology studies were sleeping in the 1980s, and then suddenly the field exploded. It is very fascinating. In four years I will be retired, but I will keep in touch. I think by ten years skin and cornea engineering will be done. About basic science in the field, in about 5 years, apart from the understanding of pathway interactions, I cannot predict. You are younger than me, so I return the question to you: what are your feelings about the next decade?
C.M.C: I agree with you that we will have a good understanding of the communication) and Michon joined her in Helsinki. Thus my advice to young fellows is also embedded in your question: work on genetically engineered mice and collaborate with bioinformaticians.
Can you tell us your experience as a woman scientist trying to establish her career? Would you offer some advice to female scientists?
This question has been previously treated on a large scale by a series of Fiona Watt interviews with different female scientists (Dhouailly, 2004) . Thus I will just repeat my previous answer. Among Professor Sengel's PhD students, the men had become Professors easier. I was the only one among the women to ever become a Professor. In the 1990's, only 5% of university biology professors in France were woman. It was very difficult for a woman: for nearly twenty years I remained the only female Professor in Biology in Grenoble University. Before President Sarkozy who has decided that universities should have more autonomy, there were two possibilities in France to get a Professor position and be promoted: first is with a National Committee Things are changing fast, and I believe now it is not more difficult for a woman to set up her own laboratory, even in a country like France, Italy, or Spain. The National Committee for Universities in Paris in the [2003] [2004] [2005] [2006] [2007] Cell Biology section, consisted of nine women and eight men at the professorial rank. Thus, my advice to female scientists is: do not postpone the time to be pregnant, you can do both: your family and your career. Some of my past PhD students, or post-doctoral co-workers are indeed young mothers as well as successful scientists (e.g., Isabel Olivera-Martinez, Sandrine Fraboulet) or successful pharmaceutical staff (Sandrine Rhetore).
Can you share with us the most joyful moment and the frustrating moments in your career?
I have had a lot of joyful moments throughout my career: e.g. when I look at experimental results or discuss with my coworkers, and suddenly the explanation appears; when my laboratory was recognized by CNRS (Fig. 6) ; when I meet and discuss with friends who share research interests, like you (Figs. 7,8,9 ). Of course, there are also frustrating moments. The worst moment was when I was treated like a forger for supporting a forger (my PhD student) for our cornea work. Even the best researchers can be blind when the results open up in an unexpected direction.
What do you do as hobbies outside science?
I became a naturalist at an early stage, and I have always loved gardening and watching birds or insects. I raised chicks, lizards, insects, and have had two dogs and six cats up to now. I never bought cats or dogs. They meet and adopted me in summertime when they were thrown away by their owners. I am very interested in studies about capacities of animal brains. I like to propagate plants by cutting, especially old roses found in deserted gardens. I love all aspects of life and I am also attracted by the part of archeology that analyzes how we lived in the past. France is very rich in the past architecture. I take pictures of humble but typical houses or farms, which one after another are disappearing or being badly renovated. Thanks to digital cameras, now I am not limited by the cost of film! In my youth, I was attracted by art and had thought of becoming an artist painter. I have good hands, but recognize that I am not gifted in this regard. I am just good at observing. Embryos and feathers are so beautiful to look at under the microscope that I became a skin developmental biologist.
What is your motto in doing science?
My motto in doing science is that good results are forever, it is just their interpretation that can change, depending of the evolving scientific knowledge. Thus my advice for PhD students is to be rigorous at the bench, to think hard by themselves and not to be shy to speak up. [1975] [1976] [1977] Demonstrate that phenotype for skin appendages is mainly dictated by the dermis Dhouailly, 1975 Dhouailly, , 1977 Dhouailly, 1980 Dhouailly, -1984 Retinoic acid lead feathers to form on the chicken scales Dhouailly et al., 1980; Cadi et al., 1983 Cadi et al., 1998 Cadi et al., -2004 The molecular basis of dermis formation Olivera-Martinez et al., 2002; Fliniaux et al., 1992 
